Na busca por novos inibidores de protease aspartica, conjugados de ferroceno com estatina foram planejados e sintetizados através de reação de aclopamento usando o protocolo padrão N,N'-diciclohexilcarboimida (DCC) e 1-hidroxibenzotrizol (HOBt). Os novos compostos foram caracterizados por espectroscopia de IR, 1 H NMR, MS e análise elementar. Os resultados do bioensaio mostraram que alguns dos novos compostos podem servir como ponto de partida.
Introduction
Aspartic proteases are involved in many biological pathways in fungi, plants, humans, parasites, retroviruses.
1-2
Aspergillus oryzae aspartic proteinase is found to have activity not only for the activation of trypsinogen but also for the activation of chimotrypsinogen with the cleavage of the Arg15-Ile16 bond. 3 Statine, the (3S, 4S)-4-amino-3-hydroxy-6-methylheptanoic acid configurational isomer is a key component of pepstatin and of other synthetic peptide inhibitors of aspartic protease. 4 It is well known that long-chain peptides can exhibit poor penetration and are generally unsuitable for a metabolically stable drug, because of enzymatic degradation. 5 In many case, this inconvenience can be circumvented by shortening the length of the inhibitors.
Ferrocene is a member of a special organometallic group known as metallocenes or "sandwich" molecules. Among metallocenes there are compounds with antiproliferative effect, antibiotics, and inhibitors of enzymes. [6] [7] [8] [9] Conjugates of ferrocene with well-known drugs were reported. [10] [11] Ferrocene-containing compounds often possess unexpected biological activity. 12 We report here the search for shorter aspartic protease inhibitors resulting from introducing ferrocenyl unit into statine and synthesized the novel statine derivatives which might provide interesting biological properties. The structure of target compounds is listed in Table 1 .
Experimental

Materials and equipment
All the reactions were carried out under a nitrogen atmosphere with the exclusion of moisture. All the amino acids used were L-amino acids. N-Boc-statine and N-Boc-AHPPA were synthesized according to the method described in the literature. 13 Ferrocenylmethylamine was synthesized by the literature method of Kelly et al. 14 For syntheses of compounds 4 and 10 see reference. 15 Solvents were purified and dried by standard methods. The melting points were determined on an XT-4 micro melting point apparatus and uncorrected. IR spectra were recorded on an EQUINOX-55 spectrometer on a KBr matrix.
1 H NMR spectra were recorded on an INOVA-400 NMR spectrometer using TMS as an internal standard. Chemical shift values (δ) are given in ppm. Elemental analyses were performed on a Vario EL III CHNS analyzer. Electrospray mass spectra were obtained with an MALDI-TOF Mass spectrometer. 200-300 mesh silica gel was used for column chromatography. Vol. 21, No. 1, 2010 
General procedure A: Coupling reactions using DCC / HOBt
The amino compound (1 mmol) was dissolved in DCM (1 mL) and DMF (1 mL). Boc-amino acid (1.25 mmol) and HOBt (1.4 mmol) were added followed by a solution of DCC (1.4 mmol) in DCM (3 mL). The reaction mixture was allowed to stir at 0 ˚C for 5 h and at room temperature overnight. DCU was filtrated, and the filtrate was evaporated under reduced pressure. The residue was dissolved in ethyl acetate, washed successively with cold 1 mol L -1 HCl, saturated NaHCO 3 , and saturated NaCl, and dried (MgSO 4 ). The peptide was purified by silica gel chromatography (3% methanol in chloroform (v/v)).
General procedure B: Removal of the tert-butoxycarbonyl group
The Boc-peptide (1 equiv.) in a solution of 4 mol L -1 HCl in dioxane (10 equiv. of HCl) was stirred at room temperature and the reaction monitored by TLC. Complete reaction was generally achieved in about 30 min. Excess reagent was removed under reduced pressure to give a solid residue. The residue was washed three times with ethyl ether and dried in vacuum over KOH and P 2 O 5 for several hours. The resulting hydrochloride was used without further purification. The hydrochloride was neutralized with NMM in DCM to give free amine.
Bioassay method
The inhibition of the tested bacteria (Aspergillus oryzae) was determined with the method of dull colony notation. 16 All compounds tested were dissolved in DMSO (500 μmol) and subsequently diluted in the culture medium before treatment of the suspension of the tested bacteria. The suspension at three concentrations was inoculated on the culture medium treated with compound and incubated at room temperature for 60 h. In parallel, the tested bacterial was treated with DMSO as control. For each compound, three repetitions were conducted to ensure the reliability of the results. The percent inhibition was determined using the following relationship: inhibition rate (%) = [av colony numbers of control (not treated with compound) -av colony numbers smeared with drugs] / av colony numbers without drugs.
Results and Discussion
The representative synthesis of various inhibitors containing ferrocenyl moiety is outlined in Scheme 1 and 2. Boc-protected leucine 13 was coupled to aminomethylferrocene 12 using DCC and HOBt as the coupling agent. The Boc-group was removed by treatment with 4 mol L -1 HCl in dioxane, neutralized with N-methylmorpholine (NMM), and the resulting free amine was allowed to couple subsequently with N-Boc-statine using the same coupling sequence to give the compound 1. Other compounds (such as 5, 7, etc.) in Table 1 were prepared by analogous sequence as described above.
Phenylalanine methyl ester hydrochloride 16 was neutralized with NMM. Using the method described above, compound 11 was obtained in 27.6% yield for the coupling/ deprotection steps.
The target compounds are characterized by IR and structures. In the mass spectra they give peaks corresponding to the molecular ion. In the case of compounds 1-10, an intense fragment ion was observed at m/z 199 and is due the Table 1 . Replacing valine with leucine, phenylalanine or 4-nitro-phenylalanine residue renders lower activity (4 vs 1, 2, 6 , Table 1 ). This might suggest that the valine residue is necessary. Truncation of the C-terminus by removal of the C-terminal amino acid residue resulted in some loss of potency (1, 2, 4, 7 vs 9, Table 1 ). Compound 8 was found to have an activity of 61.2% inhibition and higher than compound 4. This might indicate that amino acid residue of N-terminus is very important. Compound 3 and 5 having the R-configuration, and as expected they have no activity. Replacing Boc group with FcCO-Val residue leads to inhibitor 11 with 37.4% inhibition. Interestingly, bis-statine based compound 10 has an activity of 68.3% inhibition and higher than others.
Conclusions
In conclusion, a novel series of statine derivatives with short peptides containing ferrocenyl moiety have been prepared. All the compounds were characterized by elemental analyses, MS, 1 H NMR and IR spectra. The results of bioassay showed that compounds 4, 8 and 11 might serve as a starting point. 
